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PROMISING ROLE OF NUCLEAR POWER IN AN ORGANIC-FUEL
ECONOMY

S. Ya. Chernavskii ' UDC 621.039

At the present time the problems of energy conservation stand out sharply. The devel-
oped industrial countries have for a long time satisfied an appreciable part of their energy
needs by increasing the import of cheap oil. Having developed thus for several decades and
having favorable long-term predictions of the world price of oil, they created a structure -
of consumption and production adequate for a low level of the world oil price.

As is well known, the sharp increase in the world price for oil in 1974 was not pre--
dicted. The energy crisis situation arose. . Of coursé, at the time of the price jump nothing
fundamentally new truly occurred in power engineering: the technical conditions of extrac-
tion and the predicted estimates of the energy reserves did not change, no new heavy power
‘consumers arose, and no dramatic events took place in the field of energy conversion. The
price jump denoted something different — the mechanism of distributing the profits was sharp-
ly altered. Under the influence of this new mechanism the oil-importing countries should
have brought their consumption and production into.agreement with the new price level. Since

- it is impossible to rapidly make the desired changes (power engineering is an inertial sys-
tem), a nonequilibrium situation arose. For almost ten years we have been witnesses to the
occurrence of nonequilibrium economic processes, whose goal is to adapt the production and
consumption of energy, the entire economic system, and even lifestyle to expensive energy.

The changes have affected not only the importing nations but also our country, The in-
tensity and content of adaptive processes are different in different countries. In some
countries onlypower engineeringhas been adapted, and in others more general spheres have
been subjected to action: economics and even social relationships. The economics and social
structure of each country reacted to the energy crisis in a complex of measures, which one
can divide into two groups. Measures to reduce the energy consumption levels make up one
group. Here one can point out the exposure of unproductive losses and any kind of energy
waste. One can call this kind of measure reversible. It should be said that one can bring
some reversible measures into action rapidly; however, their role in the overall transition
process to a new equilibrium state is evidently relatively small.

Measures which one can call intensive make up the other group. They are more signifi-
cant in the first place in the long-term outlook. Among this group one finds in particular:

readjustment of the structure of energy consumers in the direction of a transition to
a consumption technology which requires smaller consumption of the more expensive kinds of
energy; '

readjustment of the structure of extraction of primary energy resources, primarily by
means of drawing new sources, including nuclear, into power engineering;

readjustment of the structure of electric power stations and heat recovery sources in
the direction of the replacement of expensive fuel with cheaper fuel.

The time which is necessary to bring intensive measures into being is long; for some
measures it amounts to decades. Therefore, at present the power engineering of the majority
of countries is still in a process of adaptation to the high costs for oil and natural gas.

The growth in the world oil price fundamentally altered the economic estimation of all
the main energy reserves of our country. The fraction which the export of energy resources
is of their overall production has risen: in 1970 it amounted to 13%, and in 1980 — 17%
[1]. . The export of coal was stable and that of natural gas and electric power was small.
01l and petroleum products made up most of the export., The increasing efficiency of the

Translated from Atomnaya'ﬁnergiya, Vol. 57, No. 5, pp. 328-336, November, 1984, Origi-
nal article submitted February 27, 1984, :
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bles/ton of conventional fuel

Coal Gas 0il Electrical
Region  power
1974 11979 1974 11979 1974 | 1979 |1974 | 1979
Northwest 19 37 22 43 29 90 | 12 14
Center 18 36 22 42 29 90 11 14
Ukraine 19 | 35 22 45 29 90 12 14
Povolzhe 17 | 32 20 39 26 88 |11 | 14
Ural 14 28 18 36 23 | 88 10 13
Central 6-8 8-10 |14-16 28-30 19 85 7 10
Siberia

- export of energy resources caused an incréase in the closing expenditures for fuel.
Data on regions of the country obtained by the same procedure with an interval of 5 years are
given in Table 1 [1].

The 1974 estimates reflect the state prior to the energy crisis, since up to this time
no adaptive processes had yet been developed in power engineering.

It follows from Table 1 that the expenditures for coal and gas increased by a factor of
two, for oil by a factor of three, and for electric power by 15-25%. Although at present
the world oil price has decreased somewhat, the closing expenditures for fuel in our country

~have still not reached an equilibrium level, and one can expect the outlook to be for a
further increase in them for some period of time.

One should note that the closing expenditures for electric power have not increased as
appreciably as have the expenditures for fuel, mainly owing to the widespread use of nuclear
energy. The development of nuclear power thus impedes a more rapid growth of the expendi-
tures for organic fuel. An important problem is to clarify to what extent nuclear power can
affect the consumption of organic fuel. In order to answer this question, one needs to de-
termine: :

the acceptability of nuclear power technology;

the regions and scales of penetration of nuclear power technology in dynamics;

.

the structure of nuclear power and the disposition of nuclear power installations.

Prior to proceeding to a discussion of these questions, we shall make several general
remarks about the role of scientific methods in prediction.

Of course, it would be remarkable if questions similar to those under discussion could
be successfully resolved with the help of rigorous scientific procedures, for example, as in
mathematics. However, this is impossible., Not only because the future will bring something
new to life which was previously unknown but because the actual technology, in particular
energy technology, has a wide spectrum of links and actions and cannot be objectively de-
scribed by any one efficiency indicator. Therefore the actual solutions regarding the devel-
opment or freezing of this or the other energy technology are always assumed and should be
assumed on the basis of a multicriterion discussion of the technology in question. Contem—
porary science can only in rare cases help to work out rigorously justified solutions. In
real life it is necessary to operate from general concepts, follow particular criteria, and
then simply exercise the will., Energy science is thus not omnipotent. It is necessary to
use scientific methods as far as this is possible, not ascribing anything to science beyond
its actual possibilities. Not all specialists are in agreement with this approach. Some

- defend this position: in the final analysis one can express the significance of all the
diverse indicators with the help of a single cumulative scalar indicator (for example, dis-
counted expenditures or usefulness), and others assert on the contrary that this makes no
sense, because one can interpret discounted expenditures only with account taken of the
economic structure in which they are calculated, because they assume usefulness to be too
subjective a characteristic on which one could expect to operate. The viewpoint of the
author consists of the fact that it is necessary in an applied prediction problem to make

7152 ' '
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use of the most completely scientific procedures, supplementing them with subjective esti-
mates where this is unavoidable.

Now we shall return to the questions.

Acceptability of Nuclear Power Technology. The question "Is nuclear power acceptable?"
has accompanied its development from the start of introduction of commercial nuclear power
plants into operation. As is well known, the plans for development of nuclear power have en-
countered opposition on the part of some groups and population segments of such countries as
the USA, West Germany, Sweden, and Austria. And now the solution of the problem of attaining
a favorable attitude of these population groups to nuclear power has real value.

But what does the concept "acceptability" mean?

It is necessary here to distinguish two aspects: one is acceptability as an attitude
(subjective) indicator to.nuclear power, and the other is acceptability as correspondence to
the interests or goals of a given individual, group, or population segment. Is is understood
that the question of acceptability is resolved as a function of the specific situation. 1In
different countries the mechanism of formation of an attitude of acceptability is different.
For example, in Japanon theone hand the stockholdersof afirm manufacturingnuclear reactorswere
interested in the development of nuclear power, since this increases the value of their shares,
and on the other hand the consumers of electric power who live, let us say, not far from the
nuclear power plant and do not have shares in the nuclear power firms relate positively to
a reduction in the cost 6f electric power which they use, but this cost is not the main item
in their budgetary expenditures., Therefore naturally other interests c¢an be advanced to the
forefront for such groups, for example, a reluctance to think about the possible danger of
being located next to a nuclear power plant etc.

In our country there is no private ownership of the means of production, and there are
no shareholders. At the same time a mechanism operates for the adoption of planning solu-
tions which is oriented to a large extent to bringing into existence measures which would
correspond to State interests. Therefore the question of acceptability acquires an 1mportant
aspect: how to find solutions which would correspond to the greatest extent both to the '
general and to group and personal interests.,.

The question of the economic side of acceptability is a traditional one, but as formerly,
one of the most important. More will be said about it later, but now we shall consider a
little—-studied aspect — the psychological.

A study of public opinion carried out at the Center of Nuclear Research at Jiilich (West
Geérmany) has shown that nuclear power is estimated by the population as the most economical
kind of technology in comparison with another, for example, solar or coal [2]. However, it
is estimated at the same time to be the least attractive. Where do you suppose such notions
come from? In fact numerous papers of specialists have shown that if one takes account of
all the direct and indirect costs associated with the development of this technology, it is
precisely nuclear power which turns out to be the safest. Why does part of the population
not accept the viewpoint of the majority of the specialists but regards it at least with
suspicion? The answers to these questions, which are important for evaluating the outlook
for nuclear power, lie in the psychology of the individual.

0. Cohen, explaining the phenomenon of negative attitude towards nuclear power [3], as-
sumes that one of the most important factors responsible for this phenomenon is the absence
of familiarity with nuclear power technology, which has still not been integrated into the
way of life. He notes that mankind has developed over an extended time, extracting energy
from organic fuel, and has had time to become familiar with this technology. But nuclear
power is a new technology to which familiarity has not yet developed. Cohen and other authors
assume that as time goes on experience with the safe operation of nuclear power plants will
result in development of the necessary familiarity on the part of those who now regard nu-
clear power negatively.

But the matter, however, is somewhat more complicated. Of course, familiarity is an
important psychological factor when one is talking about acceptability. However, people have
also not yet had time to become accustomed to solar power, and it has been shown in the 1n—
vestigations mentioned that solar power is estimated to be the safest and most attractive.
Thus the matter is not just one of familiarity with the technology as much as it is one of
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to another., The positive attitude towards the Sun is transferred to the attitude towards
solar power. On the contrary, its wartime use preceded the use of atomic energy for peaceful
aims. The atomic bomb explosions at Hiroshima and Nagasaki as well as the development of
even more powerful atomic, hydrogen, and neutron weapons are linked in the consciousness and
subconsciousness of many people with the subsequent process of development of nuclear power.
Thus a negative attitude towards nuclear weaponry can be transferred with the help of a psy-
chological mechanism to nuclear power,

The specific nature of the action of nuclear power on the environment also exerts an
effect on the formation of a negative attitude towards it on the part of a segment of the po-
pulation. We are talking about ionizing radiation. Its peculiarity lies in the faet that
it is not sensed by an individual but can be potentially dangerous, Thus nuclear power
creates a special psychological atmosphere for those who, in particular, live near the loca-
tions of nuclear power facilities. This atmosphere is related to that which is created in
the cabin of a passenger airliner. As is well known, some passengers experience discomfort
from the fact that their safety is in the hands of other people, in this case the ‘airplane
pilots. The pilots themselves have no sense of anxiety. This is understandable — in fact
they control the airplane. It is also well known that not all the passengers of airplanes
experience a sensation of discomfort in flight.

One can assume that some of those who live near nuclear power installations will con-
tinually experience discomfort. The consequences of an extended stay in a state of discom-
fort are not clear. It will possibly be necessary to adopt special measures to compensate
for this "psychological contamination" of the environment by nuclear power. Taking account
of the psycholegical contamination of the environment by nuclear power should increase some-
what the expenditures for development of this technology, but what is more important, it can
influence the optimal solutions.

One more factor of psychological contamination is associated with incidents at nuclear
power installations. Great significance has always been attached to the prevention of acci-
dents at nuclear reactors. As a result traditional power technology is appreciably inferior
to nuclear power in its ability to withstand accident situations. The incident at the Three-
Mile Island nuclear power plant (USA) has convincingly demonstrated this. However, it re-
vealed the appreciable psychological action of such incidents. One can conclude from this”
that is is exceedingly important for the accelerated development of nuclear power not to allow
accidents to occur, all the more with heavy consequences. It is evidently advisable to ex-
pend part of the economic efficiency reserve of nuclear power on the adoption of additional
measures whose aim is not to allow psychological contamination by it of the environment.

Concluding the discussion of the question of the acceptability of nuclear power tech-
nology, one can say that in order to increase the degree of acceptability of nuclear power
it is necessary to expend additional means. It is still not clear in my opinion what the
consequences will be of the placement of some kinds of nuclear power installations, in parti-
cular atomic reactors, in direct proximity to populated sites or even on their territory.
This is evidently advisable in the later stages of development of nuclear power when the
horror of psychological contamination on its part has significantly subsided.

Regions and Scales of Penetration of Nuclear Power Technology. The traditional region
of penetration of nuclear power is electric power just now. Other areas, primarily central
heat supply both of low and high potential, are discussed for perspective. The possible
scale of penetration of nuclear power into these spheres depends on the technical utilization
and economic indicators of nuclear power installations.

One should bear in mind that contemporary nuclear power plants produce not only electric
power but also heat in the form of hot water for intrinsic needs and for living quarters.
However, the fraction of the energy produced in the form of heat is inappreciable in the
schemes of nuclear power plants. Therefore they are of the condensation type. One can as-—
sume that up to now nuclear power has been producing energy in the form of electric power.

In 1980 ~ 400 million tons of conventional fuel was expended for the production of electric
power and ~ 500 million tons of conventional fuel was expended for low-temperature heat,
which corresponds to 22 and 26% of the total consumption of energy resources for the internal
needs of the country. In 1980 nuclear power plants produced 73 billion kWh of electric power
[1]. The specific consumption of fuel at plants burning organic fuel amounted to 328 g of
conventional fuel/kWh. Thus the development of nuclear power just for the production of
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electric power has permitted saving 24 million tons of conventional organic fuel, or about

6% of the total amount of fuel expended for the production of electric power. Of course, this
is still not very much. However, it is important to note that until now petroleum residue
has been consumed in our country for the production of basic electric power; therefore one

can attribute the estimate -obtained to a savings of expensive petroleum residue. With ac—
count taken of this understanding of the role of nuclear power in an organic fuel economy,

one can now uncouple its contribution as an appreciable one.

There are no doubts that nuclear power will increase its contribution in the future to
the production of electric power in our country. However, on the agenda is the industrial
utilization of atomic central heating power plants (ACHPP) and nuclear heat supply plants for
the production of hot water. In the more distant future one can expect the use of atomic
energy to produce high-potential heat. We will yet return to a discussion of these questions,
but justnow we shall discuss in more detail the conditions of development of nuclear power
in electric power engineering. :

In the first approximation one can consider the economic indicators to be independent
of the location of nuclear power plants. Strictly speaking, this is not so, since the condi-
tions of construction of nuclear power plants differ by regions of the country; for example,
they are different for the European and Asian parts, especially for those regions in which
the climate is more severe. Concerning the fuel component, it can be assumed to be constant
for nuclear power plants for the entire territory of the country. Although the conditions
of the water supply in different regions of the country are different, which affects the cost
of construction, however, for the large regions united within the framework of a single com-
bined energy system, one can at the present time almost always find those small areas® for
which the cost of water supply will not be too high. Only certain regions of Middle Asia
rand the Ukraine, where the water balance is strained, comprise an exception.

The cost of construction of power stations using organic fuel (thermal electric power
plants — TEPP) can also be assumed to be independent of their location, but on the contrary
location has an appreciable effect on fuel cost (see Table 1). Such a dependence is truly
significant only when one is talking about coal-fired power plants, since their. economic in-
dicators depend to a greater extent on their distance from a coal basin. The indicators .of
power plants using natural gas suffer to a lesser extent from the cost of transportation,
-Concerning the cost of petroleum residue, its transportation is inexpensive,

Thus the competition conditions between nuclear and thermal power plants will be dif-
ferent in regions of the country located in proximity to deposits of cheap coal (this is
primarily the region of Central Siberia and the Kuznetskii and Kansko-Achinskii Basins) and
in regions located far from deposits of cheap coal (this is primarily the European part).

' As 1s well known, a plot of the consumption of electric power is a nonequilibrium one,
and this nonequilibrium. creates specific competition conditions between nuclear and thermal
power plants, since investments play the greatest role in the cost of nuclear power plants,
and fuel cost plays the same part for thermal power plants located far from coal basins.

First we shall give a predictive estimate of the specific investments. TFirst of all it
is necessary to note the unsatisfactory nature of the direct use of design estimates as pre-
dictive ones. Of course, the design data of power plants are important; it is necessary to
take them into account in prediction, but it is impossible in the majority of cases to con-
vert them into a prediction without any corrections, since this will result in incorrect re—
sults. - It is generally known that the actual values of the investments exceed in the over—
whelming majority of cases the design indicators. There are many causes for this. One of
them is that it has not proven possible in the design especially of nuclear power plants,
for which there is 'still little experience, to reveal opportunely all the difficulties which
will appear in the course of the construction and the operating process., Overcoming prob-
lems which arise requires additional expenditures of time and materials. To a definite ex~
tent making designs less expensive is stimulated by the labor estimation method of the de-—
signer. Of course, the designer is interested in presenting his best work. An important
factor which leads to a reduction of design values is to estimate in the design the cost of
the resources. used not according to the closing costs but according to the mean branch costs

B oo 2 g

This is valid, of course, for small scales of development of nuclear power. They will cost
more in the prospect for a small area due to a deficit of natural resources (water, ground,
étC.). :
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Thermal power | Nuclear power

Factor
¢ plants , plants

Changes introduced in the course of con- 3-9 7-17
struction due to the appearance of unex-
pected dlfflcultles, the appearance in the
course of design of a tendency to present
his own project better, and also stimula-
tion of the designers to make the design .
less expensive

Estimate of the cost of materials and labor 10-17 13-20
not according to the closing but ac- '
cording to the accounting. costs compiled
on the basis of the average expenditures

Changes. introduced.in the course of the con- 0-3 0-5
struction due to increased costs of mate-
rials- and equipment upon converting from
calculations using prime cost to reduced
costs

Total 13-29 20-42

(it is precisely the latter which lie at the basis of the accounting costs which are used in
the design). Sometimes they also- do not take account of the fact that development requires
the construction of new undertakings servicing the power industry. The cost of their produc—
tion will be higher than the current costs, which are established on the basis of the concept
of prime cost, especially when production is. furnished from plants constructed long ago.

'Is is clear from what has been said that the specific investments in new power facili-
ties calculated on the basis of design estimates can be calculated using the formula

K=Ky (1+Ziﬁi/100)ﬁc, (1)

where Ky are the design estimates of investments not discounted during the years of construc-
tion, Bb is a coefficient which takes account of the discount during the construction years,
and B4 is a correcting factor which takes account of the role of the 1—th factor of those
about which we have talked, in Z.

The coefficient B, iscalculated from the formula

0.
Be= 1/tc Z (1'—%— o)t (2)

=—(io—1

where o is the discount coefficient and t, is the construction term in years. A uniform
distribution of investments over the construction years has been assumed. According to Eq.
(2), the specific investments are reduced to the year in which the construction is concluded.
Concerning the values of Bi, there should be a clear understanding of the fact that it is
necessary in the design to deal with subjective estimates and that this coefficient is just
an example of these kinds of estimates.

The author's estimate of factors which reduce the design values in comparison with the
actual ones for nuclear and thermal power plants is given in Table 2, The TEPP are in the
form of power plants in which basic coal-fired units are located, and the nuclear power plants
are ones with thermal Teactors., This table is essentially subjective and does not exclude
other representations, '

We shall adopt the following values as the initial estimates of K4q: for thermal power
plants — 170 rubles/kW, and for nuclear power plants — 270 rubles /kW [4]. Then using the .
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data of Table 2, we obtain an estimate of the investments which are still not discounted: for
the construction period. They will amount to 190-220 rubles/kW for thermal power plants and
320-380 rubles/kW for nuclear power plants.

_ A question which is important for prediction is how will the specific investments vary
in the future. They will evidently be under the influence of both raising and lowering fac-
tors. '

In the first place, as soclety continues to develop on the one hand a widescale penetra-
tion of power engineering, and consequently an intensification of the action on the environ-
ment on the other hand, the requirements being imposed on the power facilities, in part a
provision for their greater safety and the localization of harmful wastes, will increase.

One can observe this process already today when people talk about the necessity of switching
.to closed water supply systems for power plants, the installation of wet scrubbers at coal-
fired thermal power plants for sulfur removal, systems for localization of the maximum ac-

cidents at nuclear reactors, and so on. The satisfaction of such requirements raises the
investments. ’

Secondly, as time passes the cost increases due to the increase in cost of the ground
made unavailable under the power plant; in addition it is necessary to build the power plants
themselves on more expensive plots. ' The outlook is for the value of the natural (intrinsic)
surroundings to increase., Thirdly, as more and more volumes of material resources are drawn
into economic activity, the closing costs for raw materials and labor will grow. One of the
causes'for the increase in the cost of nuclear power plants is a tendency to greater automa-
tion of the operating process., ’ ’

Finally, factors which reduce the investments also act in time. This is primarily the
improvement of the technology, which is observed not only in power engineering but also in
related fields.

Thus an estimate of the speclflc 1nvestments for vear t of the prediction period can be
made using the formula »

= K (14 2) B;/100) e/, (3

where K are. the specific investments determined using formula (1), B; is a coefficient deter—
mined using formula (2), and the subscript "t" indicates that the corresponding parameter
pertains to the year t. ' '

TABLE 3. Correction Coefficient B;, %

10 years - 30 years

:Fac't_or ‘thermal nuclear' thermal |nuclear
power ower power |.power
lant lgnts ] plams g ants

Incfease in the > | —(2—4) | —(6—8) | —(2—4) |-(7—10
ICres owerofa (2—4) | —(6-8) » (2—4) (—( )
energdy unit an -
improvement of

* the construcuon

Increase in the - | —(2—5) | —(8—7) | —(2—5) |—(3—12) °

“capacity of the ( )._' B=1)1 ~@=5) |~ )
power plant

ntof | —(1—2)|—(2—4) | -(1—-2) {—(3—5
gﬁ?l‘::?trign ‘and =2y = ) ,( 2 1=t )
cqnstrucuon .

Increase in the re=| 4(2—5) | +(4—10)| 4-(3—7) |-+(6—12)
quirements on-
power facilities

Increase in the +(2—10)| +(2—10)|-+-(4—14) |-4-(4—16)
closin osm )
materfals and :
labor

Deterioration of | +(0—2) | +(0—2) | +(3—6) |+(4—8)
the quality of :
small areas

Total A+ 65 345 6+ - +9
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TABLE 4. Estimate of the Specific Invest-

ments for Different Points in Time, ru-
bles/kW

. : Depth of the prediction years
Investments -

0 10 30

Undiscoutted for
the construction
period at: , '
thermal power plants | 190220 185—235 200—255

nuclear power plants | 320—380 305—390 [ 325—415

Discounted. for the-
construction
period at:
thermal power plants | 255—295 250—315 270—345
nuclear power plants | 495585 | 440—560 | 415—525

The author's estimate for two points in time located 10 and 30 years from the start of
the prediction period, respectively, is given in Table 3. On the whole it follows from this
table that an increase in the specific investments in time is characteristic both for nuclear
power plants and thermal power plants. :

Here it is again appropriate to recall that the data presented in Table 3 reflect the
subjective estimation process of the author. Other specialists invelved in the prediction
of the indicators may take a different position on this question.

The resultant estimates of the investments calculated using formulas (1) and (3) are
presented in Table 4.

When estimating the fuel component of the cost of electric power, one should bear in
mind that its share of the total production expenses of nuclear power plants is small. In
the future this role will be smaller yet, provided there is widescale development of fast
reactors. In addition the calculation of the fuel component for nuclear power plants can be
done only within the framework of all of nuclear power.

- Concerning the fuel component of the energy cost of thermal power plants, it plays a
basic role in the cost structure. It is necessary when estimating the effectivenessof nuclear
power to take account of the fact that at present a lot of petroleum residue and gas are
being burned at power plants. Thus in 1981 the share of petroleum residue in the fuel struc—
ture amounted to 28.5% and that of natural gas — 21.6% at the Minénergo power plants of the
USSR [5]. Thus coal and atomic energy will not compete in the next years until petroleum
residue and then natural gas are forced out of the production sphere of basic electric power,
but on the contrary they will serve in a common goal — to force petroleum residue and natural
gas as a fuel out of the basic part of the electric load plot. The advisability of satisfying
this problem is dictated by the high efficiency of the use of these energy resources in other
spheres of the national economy and their trend for export.

Different viewpoints have been expressed in the literature on the question of the rela-
tionship between closing estimates for oil and the world price for oil. According to one of
them, '"the national economic estimate of exported.liquid fuel is significantly lower than its
world prices" [1]. The calculation given in the cited book gives an estimate of 55 rubles/
ton of conventional fuel for oil in the case that the relationship of prices for imported
and similar domestic equipment is equal to 0.5 and 112 rubles/ton of conventional fuel if the
indicated relationship is equal to unity. It has been assumed by the author of the calcula-
tion that the export efficiency is calculated on the assumption of the use of an additional
curréncy aid for the purchase of equipment for heavy industry.

There is another point of view, according to which the national economic estimate of pe-
troleum residue and oil is close to the world prices. This point of view is justified by the
fact that it is necessary when estimating the effectiveness of additional currency aid to
_ proceed from the fact that other goods are imported along with equipment for heavy industry.
As a calculation made by the author shows, oil should be estimated at 160 rubles/ton of con-
ventional fuel with this assumption taken into account. At such a high price petroleum re-
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TABLE 5. Estimate of the Costs for Production of the Basic Electric Power, kopecks/
kWh

0 .10 years 30 years

Indicator thermal ~ Jnuclear thermal nuclear - |thermal nuclear
- |power plants|power plants [power plants [power plants [power plants |power plants

Number of hours of use of the capacity
in a year, h/yr:

7000 2,5

5000 : 2,84

2,52

1
9 2,8-.3

WL

,6 1,9— 7 181,822 o3—3,2 1,7—
2,5 1 2,3

2,4--3,0 3,3-3,6

sidue should be forced ocut as rapldly as possible from electric power and central heat supply
as the main fuel. First of all, one can replace petroleum residue with natural gas at existing
power plants, since the majority of the units in which petroleum residue is burned have a sup-
ply of gas. If one assumes that the expenditures associated with the construction of addi--
tional gas supplies and the equipping of additional gas reservoirs will amount to n 15-20%,

it turns out that the cost of natural gas will be equal to ~ 120-130 rubles/ton of conven-—
tional fuel in the European part. Thus it is inadvisable to burn natural gas for the produc-
tion of the basic electric power. Atomic energy and coal will compete only after petroleum
residue and natural gas as a fuel, with whose help the basic electric power is being produced,
are forced out.

What can one say about coal? If one talks about the European part, in our opinion this
is the coal of the Kuznetskii Basin with a caloricity of ~ 5300 kcal/kg. After some expendi-
tures for enrichment the caloricity can be raised to ~ 6200 kcal/kg. Railroad transportation
is cheap, and the output conditions are such that labor productivity can be ensured, exceeding
that achieved at Donbass — the main coal basin of the European part of the country — by a
factor of two-three. An estimate of the reduced costs based on an estimate made by the author
of the specific investments in power plants located in the European part of the country is
given in Table 5. In the compilation of the table thermal power plants were understood to
be ones operating on Kuznetskii coal.

~ It should be noted that the author's estimate diverges somewhat from those of other
authors., Thus for power plants using Kuznetskii coal with 500-800 MW units (and this is the
most promising unit capacity of coal-fired units) the reduced expenditures are estimated to
" be 1.46-1.54 kopecks/kW [1] upon the utilization of a thermal power plant for 6000 h/yr,
1.2~1,35 kopecks/kW for basic coal-fired thermal power plants in the Southwest, Central, and
Southern regions [6], and 1.6 kopecks/kW for 5000 h/yr [4]. The reduced costs for nuclear
power plants are equal to 1.94 kopecks/kW for 5000 h/yr [4] and 0.98-1.1 kopecks/kW [6].

The data of Table 5 convincingly show the economic advantages which the economy receives
from placement of nuclear power plants in the European part of the country. Concerning the
regions of Central Siberia, the construction of thermal power plants with boilers in which
-coal of the Kansko-Achinskii Basin is burned is more effective for the production of the basic
electric power. This coal is brownish black with a caloricity of ~ 3040 kcal/kg; it is most
effective to use it in regions located not far from the extraction sites.

The possibility of the effective use of nuclear power plants with a spec1f1ed reduction
in the number of operating hours provides for their large economic reserve in the European
part of the country. However, it should be kept in mind that these nuclear power plants are
still not adapted to daily and weekly shutdowns, so that a reduction in the number of operating
hours can be achieved only by decreasing the load of the units but not by a shutdown.. Ac-
cording to the data of Table 5, nuclear power plants are more efficient in comparison with
thermal power plants using Kuznetskll coal up to 5000-5500 operating hours per year but are
less economical when there are less than 3500 operating hours per year.

An interesting question is what is the efficiency of central heating, :in particular,
using nuclear fuel. One can determine the role of central heating only by a combined discus-—
sion of the production of electric power and heat. Central heating is a traditional direction
in the development of power engineering in our country. During the period of predominant use
of organic fuel the construction of central heating power plants (CHPP) permits saving organ-
ic fuel in many cases, and when petroleum residue and natural gas were cheap, gas—petroleum
residue CHPP, saving petroleum residue and gas, gave ''clean' electric power and heat. Central
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heating plants using natural gas are toaay appreclably better Tnan LHFF uslng coal WilCn re-
spect to air pollution. However, with expensive petroleum residue and gas CHPP also prove
to be an expensive technology for the production of basic electric power. It is true that
CHPP calculated for covering the purely basic heating load evidently have some promising
features. However, this load is small. And what is the ppssible role of nuclear central
heating? :

At present the economic indicators of ACHPP do not seem completely clear to the author.
The reason for this indeterminateness is objective. If there is still little operating ex-
perience with nuclear power, there is almost none in the ACHPP field.

An important argument in favor of the development of ACHPP is that their construction
will help free up not only expensive petroleum residue and gas but also the cheaper coal
from the balance of the basic part of the heat production. '

And what are the arguments against it? First of all, the requirements on ACHPP are more
rigorous than on nuclear condensation power plants by virtue of their closer location to po-
pulation centers. Satisfaction of these requirements makes the electric power produced bv
ACHPP more expensive. Secondly, ACHPP have the following inadequacy in comparison with CHPP —
they locate them further from cities than CHPP using organic fuel, which requires additional
hot water pipes 30-40 km in length. (It is true that the additional distance in the case of .
ACHPP has an important positive value. The time which the water takes to cover this distance
is several hours; this is long enough that in an emergency situation it could be disconnected
from the consumers.) In addition.the probable placement zone of ACHPP is the suburban zone,
which is, as a rule, a relaxation area for city dwellers. The cost of land in the suburban.
zone in high,

An ACHPP is a large producer of heat; however, the community everyday load even in-areas
of massive multistory construction is a concentrated one. Therefore a single reactor with a
capacity of 1 million kW should evidently be standard equipment of an ACHPP. One should use
other types of equipment, for example, gas boilers, as the reserve capacity. There is no
need to locate the reserve boilers far from thecity. Thus, the system of heat supply from
ACHPP should be located on two plots, one of which is located far from the city, on which
the nuclear reactor is located, and the other — in the city itself or im the direct vicinity
of it. The reserve and peak boilers are located on this second small plot.

From the standpoint of the limited nature-of resources of cheap natural uranium and the
development of fast breeder reactors it seems more promising to have a separate setup for
heat production in which the basic part of the heating load is satisfied by nuclear heat
supply plants (NHSP) and the peak part is. satisfied by boilers burning organic fuel. In the
outlook for the future NHSP will be more economical sources of basic heat in comparison with

TABLE 6., Effectiveness of Penetration of
Electric Power Based on Nuclear Power
Plants in Comparison with the Direct Use
of Organic Fuel ' '

. organic fuel, rubles
Costof lectric power [ GEt6PLOTRERoR] 1l
ased on nucleag

plants, kopecks/k% 60 {50 200
Low-temperature processes: |

1,0 . - = T+

3,0 ' - - | =

- High-temperature processess:

1.8 - + +

3,0 - + +
The symbols "+'", "~", and "=" depote advan-
tage, disadvantage, and equivalence, re-
spectively.
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boilers using natural gas, and they will not force fast breeder reactors out of the area of
- production of electric power., However, NHSP have still not been tested on a large scale,
and the problem of their acceptability, which we spoke about earlier, has not yet been re-
solved. :

In conclusion, one should dwell once more on one question. The economic reserve which
nuclear condensation power plants have. in comparison with a technology which uses organic
fuel will facilitate further electrification of consumers and elimination of the consumption
of organic fuel from technological processes. Taking account of the fact that the total ex-—
penditures (non-power) along with the capital component for electrical technology are, as a
rule, equal or even higher than in connection with the direct burning of fuel, one should
consider widescale electrification of technological processes as the most important measure
facilitating the forcing of liquid and gaseous fuel out of internal energy consumption and
lowering the national economic costs. It indicates that the replacement of liquid, and then
gaseous, fuel by nuclear energy is economically advantageous for almost all consumers (large-
scale) with a basic load. The electrification of high—temperature processes using nuclear
power is the most effective. The advisability of the electrification of low-temperature pro-
cesses depends to a large extent on the economic indicators of nuclear power plants, The
data of Table 6 sheds some light on this matter. ’

The effect of the structure of nuclear power on the economic efficiency of the replace-
ment of organic fuel by atomic energy has not been discussed in this paper. This question
would require a special analysis and the discussion of a special methodology. One of the
possible versions of such a methodology has been suggested in [7]. :
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OPTIMIZING THE PARAMETERS OF A SHIP-BORNE NUCLEAR
POWER PLANT ON A COMBINED CRITERION

V. N. Dolgov UDC 621,039.578

By parameter optimization for nuclear power plant (NPP) one understands the use of a
special mathematical technique to determine the values of the parameters in the technically
permissible range providing the optimum values for the parameters taken as criteria, provided
that these obey all the constraints on the design and operation.

Parameter optimization for NPP, as for any other complex system, is meaningful if the
object is specified.. This should be done at the early stages of design, where the necessary
input data have been accumulated but it is still possible to use the optimization results in
the subsequent stages.

The object in an NPP is characterized by the type of plant, the essential scheme and the
assembly scheme, the equipment composition and features, and the operating states of the me-
chanisms -and materials. These parameters may be called constructional and assembly ones, and
they largely determine the reliability, construction and operating costs, flexibility, and
so on, which in turn govern the performance of the hierarchic system at a higher level. These
plant parameters are much less dependent on the optimized parameters within a given type of
design than are the dimensions or the thermal economy. Therefore, one can use the mass, di-
mensions, and thermal economy as criteria in developingresearch methods and in parameter op-
timization, or the relative quantities K; (kg/kW), Ky (m®/kW), and ne.

Clearly, the conditions may give rise to various optima, for example, in the mass, di-
mensions, or thermal economy. Correspondingly, the optimum values of the adjustable parame-
ters differ. '

In other words, one set of parameters will provide the minimum mass, another will provide
the maximum thermal efficiency, etc. These optima are defined as follows. Experience with
designing and building power plants enables one to find the limiting values for the mass cri-

terion Kél, the dimensions. ll, and the thermal efficiency ng that can be attained at present.
Then one considers various combinations of the parameters and draws up calculated values of
Kg, Ky, and ng together with the limiting values and rules out those forms that do no satisfy
the following conditions: ‘ :

li 1 li
KG<K$: By <Kv: m.>=>1 -

Out of the forms remaining, one selects those with minimal values for the mass and di-
mensions and the maximum value for the thermal efficiency.

In practice, it is often necessary to define one such form in which the mass, size, and
thermal efficiency are simultaneously as close as possible to the extreme values. We con-
sider the combined curves shown in K; — Ky, Ky — ne and ne — Kg coordinates in Fig. 1, which
have been obtained for single-unit high-power NPP.

These curves have been constructed pointwise, with the pcints obtained as follows. Each
parameter combination corresponds to a form of NPP with certain values of Kg, Ky, and ne, and
from these one selects forms having functions Kg = £.(Ky); Ky = £2(ng); ne = f3(Kg), monotoni-
cally varying from the extreme values to values corresponding to turning points in the argu-
guments K$1n, nzax and K 0n the graph for K; = f(KV), for example, here one shows only
those parameter combinations (points) that provide the minimum possibl